Three new coccidian (Apicomplexa, Eimeriidae) species from the sayaca tanager, Thraupis sayaca, from Brazil, are reported in the current study. Isospora sanhaci sp. nov. oocysts are spherical to subspherical, 22.1 × 21.0 µm, with smooth, bilayered wall, ~1.0 µm. Micropyle, oocyst residuum and polar granule are absent, while Stieda and substieda bodies are present. Sporocysts are elongated, 17.0 × 9.9 µm. Sporocyst residuum is present, sporozoites have one refractile body and a nucleus. Isospora sayacae sp. nov. are spherical to subspherical, 28.9 × 27.4 µm, with smooth, bilayered wall, ~1.3 µm. Micropyle, oocyst residuum and polar granule are absent, while Stieda and substieda bodies are present. Sporocysts are bottle-shaped, 23.4 × 11.8 µm and containing a sporocyst residuum and sporozoites with one refractile body and a nucleus. Isospora silvasouzai sp. nov. are spherical to subspherical, 25.5 × 22.6 µm, with a smooth, bilayered wall, ~1.0 µm. Micropyle and oocyst residuum are absent, but one polar granule is present. Sporocysts are pyriform ellipsoidal, 17.6 × 10.5 µm. Stieda and substieda bodies and sporocyst residuum are present and sporozoites have one refractile body and a nucleus.
Introduction
The sayaca tanager, Thraupis sayaca Linnaeus, 1766, is a thraupid bird with a large host range. This host species is found in Argentina, Bolivia, Brazil, Colombia, Paraguay, Peru, Uruguay and Venezuela. In Brazil, it is found throughout the country except in the north. This species inhabits landscapes with trees and shrubs, plantations and, primarily, urbane areas (Stotz et al. 1996 , Sick 1997 .
Isosporoid coccidia parasitizing Andean tanagers was reported by Boughton et al. (1938) : (1) the southern palm tanager, Thraupis palmarum Wied, 1821; (2) the magpie tanager, Cissopis leveriana Gmelin, 1788; (3) the southern silverbeaked tanager, Ramphocellus carbo Pallas, 1764; and (4) the Brazilian tanager, Ramphocellus bresilius Sclater, 1855. All of these coccidia were from captured birds in zoos, but none of them were described or named. Six species have been described so far. Three of them: Isospora thraupis Lainson, 1994; I. andesensis Templar, McQuistion et Capparella, 2004; and I. irisidornisi Metzelaars, Spaargaren, McQuistion et Capparella, 2005 were described in the palm tanager, T. palmarum, in the common bush tanager, Chloropingus ophthalmicus Du Bus de Gisignies, 1847, and in the yellow-throated tanager, Iridosornis analis Tschudi, 1844, respectively (Lainson 1994 , Templar et al. 2004 , Metzelaars et al. 2005 .
Recently, Berto et al. (2008) described three new species from the Brazilian tanager, R. bresilius: Isospora tiesangui Berto, Flausino, Luz, Ferreira et Lopes, 2008; I. marambaiensis Berto, Flausino, Luz, Ferreira et Lopes, 2008; and I. sepetibensis Berto, Flausino, Luz, Ferreira et Lopes, 2008. The current study describes three new Isospora species infecting T. sayaca in Teresópolis City, Rio de Janeiro State, Brazil.
Materials and methods
Fecal samples were collected from 2 birds collected from a breeder in Teresópolis City (22°25´S and 42°59´W), Rio de Janeiro State, Brazil. Birds were held in individual cages, samples were collected immediately after defecation and placed into plastic vials with potassium dichromate 2.5% solution (K 2 Cr 2 O 7 ) (1:6 v/v). Samples were transported to the Laboratório de Coccídios e Coccidioses located at Universidade Federal Rural do Rio de Janeiro (UFRRJ). They were placed in a thin layer (~5 mm) K 2 Cr 2 O 7 2.5% solution in Petri plates, and incubated at 23-28°C for 10 days or until 70% of oocysts * Corresponding author: lopescwg@ufrrj.br or bertobp@ufrrj.br Three new coccidian species from Thraupis sayaca 91 were sporulated. Oocysts were recovered by flotation in Sheather's sugar solution (sp. g. 1.20) and examined microscopically using a technique described by Duszynski and Wilber (1997) [N] ) and measurements, in µm, were performed using a Carl Zeiss binocular microscope with apochromatic oil immersion objective lens and K-15X PZO (Poland) ocular micrometer. Line drawings were prepared using a Wild M-20 binocular microscope with drawing tube. Oocysts were photographed using a digital camera model CD Mavica MVC-CD250 Sony ® . Size ranges are shown in parentheses followed by average and shape index (L/W ratio).
Results
Two sayaca tanager birds were examined; one of them shed oocysts in the feces. Initially, the oocysts were non-sporulated, while 70% sporulated by day three.
Isospora sanhaci sp. nov. (Figs 1a-d; 4a, b)
Description of sporulated oocyst: Oocyst shape (n = 19) spheroidal to subspheroidal; number of walls, 2; wall thickness 1.0 (0.9-1.2); outer wall smooth, about 2/3 of total thickness; L × W, 22.1 × 21.0 (19-24 ×17-23), with L/W ratio 1.0 (1.0-1.1); M, OR, PG, all absent.
Description of sporocyst and sporozoites: Sporocyst shape (n = 19): ovoidal, tapering to a rounded pointed at 1 end; L × W, 17.0 × 9.9 (15-19 × 9-11); L/W ratio 1.7 (1.5-1.9); SB present, nipple-like, 0.4 high × 1.4 wide; SSB present, prominent, 1.5 high × 3.1 wide, giving the SB/SSB complex a nipple/areola-like appearance; PSB absent; SR present; SR characteristics, composed of many small, scattered granules; SZ vermiform with 1 posterior SRB and a centrally located N.
Type-host: The sayaca tanager, Thraupis sayaca Linnaeus, 1766 (Passeriformes, Thraupidae).
Type-locality: Teresópolis City (22°25´S and 42°59´W), Rio de Janeiro State, Brazil.
Material deposited: Oocysts are kept in 10% aqueous buffered formalin (v/v) and deposited at the Parasitology Collection, in the Department of Animal Parasitology, UFRRJ, located in Seropédica, Rio de Janeiro State, Brazil; phototypes and line drawings are deposited as well. The repository number is P-25/2008.
Site of infection: Unknown. Oocysts collected from fecal samples.
Prevalence: 50% (one of two examined birds). Etymology: The specific name is derived from the common local name for T. sayaca, which is Sanhaço.
Isospora sayacae sp. nov. (Figs 2a-d; 4c, d)
Description of sporulated oocyst: Oocyst shape (n = 15) spheroidal to subspheroidal; number of walls 2; wall thickness 1.3 (1.1-1.5); outer wall smooth, about 2/3 of total thickness; L × Prevalence: 50% (one of two examined birds). Etymology: The specific name is derived from the specific name of the host type, T. sayaca.
Isospora silvasouzai sp. nov. (Figs 3a-d; 4e, f)
Description of sporulated oocyst: Oocyst shape (n = 15) spheroidal to subspheroidal; number of walls 2; wall thickness 1.0 (0.9-1.1); outer wall smooth, about 2/3 of total thickness; L × W, 25.5 × 22.6 (22-28 × 19-25) , with L/W ratio 1.1 (1.0-1.2); M and OR absent; PG present.
Description of sporocyst and sporozoites: Sporocyst shape (n = 15): elongated, pear-shaped; L × W, 17.6 × 10.5 (17-18 × 10-11); L/W ratio 1.7 (1.6-1.8); SB present, lightly flattened, delicate, 0.7 high × 1.8 wide; SSB present, small, 1.4 high × 1.7 wide; PSB absent; SR present; SR characteristics: forms a large compact mass of granules; SZ vermiform with 1 posterior SRB and N.
Material deposited: Oocysts are kept in 10% aqueous buffered formalin (v/v) and deposited at the Parasitology Collection, in the Department of Animal Parasitology, UFRRJ, located in Seropédica, Rio de Janeiro State, Brazil; phototypes and line drawings are deposited as well. The repository number is P-27/2008. Site of infection: Unknown. Oocysts collected from fecal samples.
Prevalence: 50% (one of two examined birds). Etymology: The specific name is derived from the family name of a Brazilian parasitologist Dr. Wilson Jacinto Silva de Souza, given in his honor for his contribution to the study of protozoa.
Discussion
The three new species described in this study can be easily distinguished from others by the size and the presence or absence of some structures. Oocysts of Isospora sayacae are larger and more differentiated from oocysts of other species even when observed at ×400 magnification. Besides, they have bottle-shaped sporocysts. Isospora sanhaci oocysts do not have a PG as observed in I. silvasouzai oocysts.
The unique spherule associated with the SSB of I. sayacae sporocysts is a feature unreported in other coccidia and not de- Duszynski and Wilber (1997) . How its presence is not constant and it is found in only one of the two sporocysts, it should be just a large piece of SR seen near SSB.
In agreement with Grulet et al. (1982) , some variations in the SB and SSB (Figs 1b-d, 2b-d and 3b, d) were observed in the sporocysts of these new species; however, these variations are not significant to separate and describe them as new species. These variations may be a result of the sporulation process, the position of the SZ inside of the sporocyst, or the position of the oocyst and sporocyst under the coverslip.
According to Duszynski and Wilber (1997) , a new coccidian species should be compared in details to coccidian species that is most feature-similar to it, and belong to the same host family. Therefore, the specimens investigated in this study were compared to others as following: Isospora thraupis described by Lainson (1994) presents oocysts smaller than I. sayacae oocysts, differs from I. silvasouzai oocysts because it presents PG, and can be distinguished from I. sanhaci sporocysts because it presents large and prominent SSB. According to Templar et al. (2004) , I. andesensis present triangularshaped SB with no evident SSB. These morphological features were not present in the oocysts described in the current study. Also, I. irisidornisi (Metzelaars et al. 2005) differs from I. sanhaci and I. sayacae oocysts due to the presence of PG, and differs from I. silvasouzai oocysts because it presents ellipsoidalelongated sporocysts and lightly flattened and delicate SB. Isospora tiesangui described by Berto et al. (2008) presents oocysts smaller than I. sayacae oocysts, and does not present PG; however, it is observed in I. silvasouzai oocysts. Although I. tiesangui and I. sanhaci oocysts are similar, they can be differentiated because I. sanhaci presents elongated sporocysts, they are not ovoidal and SB is more evident. I. marambaiensis oocysts, described by Berto et al. (2008) , are larger than I. sanhaci and I. silvasouzai oocysts; it differs from I. sayacae oocysts because it presents bottle-shaped sporocysts and prominent and large SB and SSB. Finally, I. sepetibensis described by Berto et al. (2008) presents PG which is not observed in I. sanhaci and I. sayacae oocysts. It can be differ- (Accepted January 5, 2009) entiated from I. silvasouzai because it presents sporocysts elongated pear-shaped and a delicate SB.
Based on all morphological features mentioned in this study, the described specimens are considered new coccidian species obtained from the sayaca tanager, T. sayaca.
